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SPECIFICATION 



Tide of the Invention 

A Metal Surface Treatment Method 

Qaims 

A metal surface treatment method which is characterized by the fact that the metal is brought 
into contact with an aqueous solution of one or more of a thermosetting alkyd resin; an epoxy resin; a 
melamine resin; a urea resin; and less preferably an acrylic resin at a temperature of 150 to TOO'^C. 

DetaUed Description of the Invention 

The present invention concerns a metal surface treatment method in which a hardened resin 
film or a colored and hardened resin film is formed on the surface of a metal material. 

Methods that have been employed in the past to form a black film on the surface of iron or an 
alloy thereof, such as steel, include phosphate formation treatments (so-called parkerizing), alkali 
oxidation treatments, and other such chemical formation treatments, and anode oxidation methods 
involving electrolysis. \ 

The present invention is a metal surface treatment method in which the metal is brought into 
contact with an aqueous solution of one or more of a thermosetting alkyd resin; an epoxy resin; a 
melamine resin; a urea resin; and less preferably an acrylic resin, at a temperature of 150 to TOO^'C. 
Accordingly, unlike the above-mentioned conventional chemical formation methods, the present 
invention does not involve the use of phosphates, alkalies, or other chemicals, nor does it require an 
electrolysis apparatus, as did anode oxidation methods, and instead is an economical method that can 
be easily implemented in an industrial setting with a simple operation in which a metal that has been 
pre-heated to a specific temperature is brought into contact with an aqueous solution of a specific 
resm. 

In the present invention, one or more members of the group consisting of alkyd resins, epoxy 
resins, melamine resins, urea resins, and acrylic resins must be used as the resin. Acrylic resins, 
while somewhat functional, are less favorable than the resins noted above. 

These resins are dissolved in water and used in the form of an aqueous solutiori, and a small 
amount of a solvent that will dissolve said resins, such as alcohols, cellosolve solvents, and xylene 
solvents, and that is miscible with water can be admixed in order to facilitate the dissolution of the 
resin. The concentration of the resin aqueous solution will vary dependmg on the type of resin being 
used and the desired thickness of the cover film, but a concentration of 0. 1 to 50 wt % is usually 
used, with 0.5 to 20 wt % being preferable. 

When a colored resin film is desired, a known inorganic compound pigment, such as 
cadmium red, chromium yellow, carbon black, graphite, molybdenum disulfide, iron oxide, white 



lead, kaolin, titanium oxide, zinc flower, etc., or a known organic compound pigment, such as 
Permanent Yellow, Permanent Red, Heliogen Blue, Pigment Black, Reflex Blue, Alizarine Lake, 
Thioindigo Maroon, Phthalocyanine Blue, Indigo, Pigment Green, etc., is used according to the 
desired hue. 

The metal surface treatment method of the present invention exhibits a particularly good effect 
in the surface treatment of iron and alloys thereof, but it can also be used effectively on other metals 
and alloys thereof, so there are no particular restrictions on the object of the treatment. The metal 
material to be treated must be pre-heated to between 150 and 700*'C, and preferably between 200 and 
400**C, and then brought into contact with the resin solution at said temperature. If the heating 
temperature is below 150°C, the formation of a hardened film of resin will be inadequate and the 
properties of the film will be inferior. And if the heating temperature is over 700°C, the surface 
condition of the resin thus formed will be poor, as will its appearance. 

In the present invention, a variety of means can be suitably employed to bring the metal into 
contact with the resin solution. For instance, the resin solution can be sprayed onto die metal 
material, or said metal material can be inunersed in the resin solution, either of which allows the 
metal to be effectively brought into contact with the resin solution. 

The unmersion time in the resin solution will vary depending on the size of the metal material 
and its heat capacity, with the immersion time increasing in proportion to the volume and heat 
capacity. 

When the above-mentioned method of the present invention is employed, a hardened resin 
fihn that has a imiform thickness and is firmly bonded to the metal is formed. 

Merits of the metal surface treatment method of the present invention are that a thin cover 
film of 1 to 10 /X can be formed, a uniform film can be formed, and good adhesive strength can be 
achieved between the metal material and the resin film. Furthermore, the method of die present 
invention produces a cover film whose corrosion resistance, rust resistance, and smoothness are better 
than those of a film formed by conventional curing, and which is colored to the desired color. 

Advantages of the method of jthe present invention compared to a method in which a paint is 
applied include the ability to form a film that is thin and has a high peel strength, and the ability to 
perform curing and coating simultaneously. Therefore, using this treatment method itself in a 
tempering process is extremely effective. The treatment method of the present invention cannot, 
however, be used in stoving type process. 

The present invention will now be described by giving practical examples. All parts herein 
refer to weight parts. 



3 



Practical Exaiq)Ie 1 

Six parts of an alkyd resin (Watersol 126, made by Dainippon Ink) was added to 94 parts of 
water, agitated, and dissolved. Bolts (3/8" in diameter, S cm in length) that had been heated to 
temperatures of 160, 200, 300, 400, 500, 600, and TOO^'C were immersed for five to ten seconds in 
the solution thus obtained, which formed hardened resin films in the thicknesses shown in Table 1 . 



Table 1 



Bolt temperature (*C} 


160 


180 


200 


250 


300 


400 


500 


600 


700 


Immersion time (sec) 


5 


5 


5 


5 


5 


10 


10 


10 


10 


Film thickness (ft) 


1-2 


1-2 


2-3 


2-3 


3^ 


3-5 


4-6 


4-6 


4-6 



Practical Example 2 

Using the same alkyd resin and bolts as those used in Example*!, aqueous solutions were 
prepared with various resin concentrations between 0.3 and 20%, bolts heated to 250'*C were 
immersed in said aqueous solutions for five and ten seconds at said temperature, and hardened resin 
films with the thiclaiess shown in Table 2 were formed. 



Table 2 



Resin concentration (%) 


0.3 


0.5 


1,0 


1.5 


2.0 


2.5 


4.0 


10 


20 


Film thickness 0^) with 
5 sec. immersion 


1-2 


2-3 


2-3 


2-3 


3^ 


3-4 


4-6 


7-9 


12-16 


Film thickness Qi) with 
10 sec. immersion 


1-2 


2-3 


2-4 


3-4 


3-4 ' 


3-4 


4-5 


7-10 


14-20 



Practical Example 3 

The same bolts as in Practical Example 1 were heated to 250*'C and immersed for five 
seconds at said temperature in 5% aqueous solutions of an alkyd resin (Watersol 126), which is a 
graft polymerization product of 16% tall oil and 34% of polymer of fatty acid and glycerine in 50% 
solvent which is a mixture of butanol, water, and butyl cellosolve; a meiamine resin (Watersol 695, 
made by Dainippon Ink); and a mixed resin composed of an alkyd resin; and a meiamine resin in a 
4/1 ratio, respectively, and cured resin films were formed in the thicknesses shown in Table 3. 
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Tables 



Resin name 


Alkyd 


Melamine 


Alkyd/melamine 


Film thickness (p) 


3-4 


2-4 


3-4 



Practical Example 4 



Three parts graphite was dispersed in an aqueous solution composed of four 
parts alkyd resin (Watersol 126) and 89 parts water, the same bolts as those used in 
Practical Example 1 were heated to 200 and SOO^'C and immersed in this solution for 
five seconds at said temperature, and hardened resin films were formed in the 
thicknesses shown in Table 4. 

Table 4 



Bolt temperature CQ 


200 


h300 


Film thickness Qi) 


3^ 


4-5 



Practical Example S 

Four parts graphite was dispersed in 96 parts of a resin solution composed of 4,5 parts alkyd resin 
(Watersol 126), 0.5 part melamine resin (Watersol 695), 4^5 parts butyl cellosolve? and 90.5 parts water, 
bolts (the same as those used in Practical Example 1) were heated to 200 and 300''C and immersed in this 
solution for five seconds at said temperature, and hardened resin films were formed in the thicknesses shown 
in Table 5. 

Table 5 



Bolt temperature CQ 


200 


300 


Film thickness (ft) 


2-4 


4-5 



Practical Example 6 

Utilizing a soda type of pendulum tester that is used in a lubrication test, the pin 
thereof was heated to 400''C and immersed for three seconds at said temperature in the 



5 



various resin solutions listed in Table 6 below, which formed hardened resin films, after 
which the boundary coefficient of friction was measured. 

For the sake of comparison, said pin was coated with 60 spindle oil, with the 
product of adding six parts of diinner to four parts of a black paint A (obtained by 
dispersing graphite in nitrocellulose lacquer), and with the product of adding six parts of 
thinner to four parts of a black paint B (obtained by dispersing graphite in a phthalic resin 
enamel), and the boundary coefficent of friction in each case was measured, the results of 
which are also shown in Table 6. 



Table 6 





Measurement Temo. 


Treatment Solution Con^osition 


30 


50 


80 


Practical Exanq)le 6 








K 10 parts, water 90 parts 


0.1357 


0.0864 


0.0726 


K 5 parts. M 2.5 parts, water 92.S parts 


0.1174 


0.0918 


0.0653 


K 10 parts, water 85 parts, grs^hlte 5 parts 


O.-illO 


0.0841 


0.0621 


AT 5 parts, M 2.5 parts, water 87.5 parts, graphite S parts 


0.1033 


0.0881 


0.0608 


K 5 parts, water 87 parts, molybdenum disulfide 3 parts 


0.1353 


0.1056 


0.0791 


Comparative Examples 








60 spindle oil 


0.2936 


0.3461 


0.3486 


Black paint A 4 parts + thinner 6 parts 


0.1885 


0.1162 


0.1256 


Black paint B 4 parts + thinner 6 parts 


0.1235 1 


0.1289 


0.1482 



K: Alkyd resin (Watersol 126), M: Melamine resin (Watersol 695) 



Practical Example 7 

A test piece of iron prepared according to JIS Z 2912 was heated to 400°C and 
unmersed at said temperature in resin solutions having the various compositions shown in 
Tables 7 and 8 below, thereby forming hardened resin films. 

For the sake of comparison, the above-mentioned test piece was immersed at 
normal temperature in a solution obtained by dissolving 20 parts of an alkyd resin (K) in 
80 parts of xylene, and then dried, and said test piece was also coated with (1) the 
product of adding six parts of thinner to four parts of black paint A, (2) the product of 
adding six parts of thinner to four parts of black paint B, and (3) the product of adding an 
equivalent amount of water to a water-based paint (obtained by dispersing graphite in a 
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vinyl acetate/acrylic resin paint), and these samples were then subjected along with the 
sample prepared in Practical Example 7 to a smoothness test (according to JIS Z 0230), a 
salt water spray test (according to JIS Z 0299), and a peel test (according to the following 
method). 

Peel test: The film surface of the treated sample was scored with a needle 
vertically and horizontally at intervals of 1 mm, and the state of peeling of the 
film was observed when (the sample was] cut and when cellophane tape was 
applied and then peeled away, these results are given in Tables 7 and 8. 



Table 7 





Lubrication Test 


Salt Water Test 




Time rtirs) 


Time Oirs) 


Treatment Solution Composition 


1 


30 


96 


1 


1.5 


2.5 


Practical Example 














K 5 parts, S S parts, water 85 parts, 
graphite S parts 


A 


A 


A 


A 


A 


C 


K 4.5 parts, M 0.5 part, S 4.5 parts, 
water 85.5 parts, graphite 5 parts 


A 


A 


B 


A 


A 


B 


AT 5 parts, M 5 parts, S 5 parts, 
water 80 parts, graphite 5 parts 


A 


B 


E 


A 


D 


E 


Con^arative Exan^le 














iT 20 parts, S 80 parts 


E 






E 






Water-based paint 50 parts, 
water 50 parts 


D 


E 




E 







Notes) S: Xylene, K and M: same as in Table 6, 
E: Results after three-hour smoothness test 



[Translator's note: E itself is not defined.] 
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Table 8 



Treatment Solution Composition 


Cross-cutting 


Cellophane 
Tape Peeling 


Practical Example 7 

K 5 parts, water 10 parts, graphite 5 parts 

K2.5 parts, M 2.5 parts, 
water 90 parts, graphite S parts 


only lines adhered 
only lines adhered 


no tape adhesion 
no tape adhesion 


Comparative Examples 
Black paint A 4 parts + thinner 6 parts 

Black paint B 4 parts + thinner 6 parts 


peeled in direction of 
lines during cutting 

peeled in direction of 
lines during cutting 


adhered to tape in 
checkerboard pattern 

adhered to tape in 
checkerboard pattem 
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